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ABSTRACT 
Non corrosion material such as CFRP is going to be widely used as alternative reinforcement for concrete 
structures. Those materials have been applied not only to the new structures but also for strengthening of 
the existing structures. This paper describes the results of an experimental study of the behavior of 
damaged or under-strength concrete beams retrofitted with CFRP grid and polymer cement mortar (PCM) 
by shotcrete method. The objective of this study is to evaluate flexure performances of reinforced concrete 
beams retrofitted by using CFRP grid. Three types of specimens were made with the parameter of the 
layers number of the grid. The CFRP grid of CMR-13@75mm single layer and CMR-10@100mm double 
layers types were bonded on bottom side of the RC beams. Flexure performance of RC beams under four-
point bending test was carried out. The flexure failure is initiated by a major flexural crack within the beam 
flexure span. This flexural crack extended vertically at the level of CFRP grid. Result shows that CFRP grid 
and PCM shotcrete is effective for flexure strengthening. Increases in strength of 3 (three) times for 
strengthened beams over un-strengthened beams as control. 
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1. INTRODUCTION  
Fiber reinforced plastics (FRP) is assumed that FRP`s are perfectly linear-elastic materials Thus, failure of 
an FRP-reinforced section in flexure can be due to FRP rupture or concrete crushing (Figure 1). The 
ultimate flexure strength for both of these failure modes can be calculated using a similar methodology as 
that used for steel-reinforced sections. Nowadays, for increasing seismic safety of the bridge structures 
that suffered damage by the earthquake, various new drastic changes is introduced in seismic retrofit for 
bridge sructures. For such requirements, seismic strengthening by steel jackets with controlled increase of 
the shear strength was suggested. Conventional reinforced concrete jacketing methods are also for the 
retrofit of reinforced concrete structures, especially for the pier that require the increase of strength. 
However, the thickness of a new concrete was wrapped to old existing of RC piers equal to 250mm so that 
in the future these methods were not be able to construction in big scales because not efficient. Therefore, 
a new method is used to decrease the thickness of the new concrete, namely polymer cement mortar 
(PCM) by shotcrete method. The CFRP (carbon fiber reinforced plastics) grid are wrapped with PCM 
shotcrete method could be decreased 1/13 times the thickness of the PCM shotcrete equal to 19mm (A. A. 
Amiruddin, at al., 2009). PCM (high strength and low elasticity) generally contains cement, fine aggregates, 
lightweight aggregate and polymer. PCM has the excellent bond strength, cohesiveness, improved 
resistance to freezing and thawing, reduced permeability, increased electrical resistivity and improved 
resistance to chemical attack.  
 
 
 
 
 
 
 
 
             
Figure 1. Various CFRP Grid Types 
2. EXPERIMENTAL PROGRAM 
 Test Specimens and CFRP grid Strengthening System 2.1.
The RC beam specimens were divided into three types according to kinds of CFRP grids shapes and each 
type consists of three concrete specimens as shown in Table 1. CFRP grid used was high elasticity carbon 
fiber type, the CMR-13@75mm single layer and CMR-10@100mm double layer types. Type 1, the normal 
concrete beams without CFRP grid was assumed as a beam control. Type 2 were strengthened CFRP grid 
reinforcement systems by 13@75mm single layer bonded on the bending side (the bottom of the existing 
RC beams) with grid thickness of 8mm and 75mm grid spacing using PCM high strength by shotcrete 
method (thickness 19mm). Type 3 were strengthened CMR-10@100mm double layer bonded on the 
bending side (the bottom of the existing RC beams) with grid thickness of 7mm and 100mm grid spacing 
with high-strength of PCM (thickness 24mm), respectively as shown in Figure  2(a), (b), (c).  
 Material Properties 2.2.
A design and experiment of material properties values of the concrete and PCM are given in Table 2. 
Moreover, Table 3 shows kinds of steel reinforcement were used in the experiment. The retrofit beam 
specimens are using externally reinforcements in longitudinal and transversal directions before wrapped 
with PCM shotcrete are shown in Table 4.  
 Test Set-Up 2.3.
All beams were loaded in four-point bending that the subjected to static load is shown in Figure 3. The 
beams were instrumented with a displacement meter at the mid-span and both of loading point to monitor 
displacement, as well as strain gauges bonded on concrete, PCM, and externally reinforcements surface 
to measure the strain values. A 500kN load cell was used to measure the applied load. 
 
Table 1. Summary of specimen types 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Test Specimens and CFRP grid strengthening system. 
Number of Layer Thickness of grid Grid Spacing PCM Thickness Number of 
(mm) (mm) (mm) (mm) Specimens
1 - - - - - - 3
2 CMR-13 1 8,0 75 19 3
3 CMR-10 2 7,0 100 24 3
Type CFRP grids PCM
high strength
a) Type 1 
b) Type 2 
c) Type 3 
Table 2. Material properties of concrete and PCM 
* 7 days 
 
 
Table 3. Material properties of steel reinforcements 
 
 
 
 
 
 
 
 
Table 4. Material properties of CFRP grid 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Specimen under testing photograph and loading system 
 
Type Materials 
Design values Experiment values 
f`c Ec f`c Ec 
(N/mm2) (N/mm2) (N/mm2) (N/mm2) 
1 Concrete 30.0 2.80 x 104 43.6 3.28 x 104 
2,3 PCM-high strength* 68.2 2.70 x 104 36.3 - 
Diameter Yield Strength Tensile Strength
(mm) (N/mm2) (N/mm2)
Design 295 -
Experiment 372 543
Material
SDA 295 10
CMR-13 
CMR-10   
(a) Four point bending test (b) Illustration of load system 
Jack 
Support 
Displacement  
Support 
Load cell 
3. RESULTS AND DISCUSSIONS 
 Comparison of Experiment and Design Value 3.1.
Figure 4 shows comparison experiment and design value on maximum load. On type 1 presents the 
flexure-compressive failure at the mid span and the same with prediction in design, while ratio between 
experiment and design value was 1.21. Type 2, the adhesive failure was occurred on surfaces of CFRP 
grid and concrete. The adhesive strength on interfaces CFRP grid and PCM was not enough to prevent 
slip behavior under maximum load. Comparison between experiment and design value was 0.77. Type 3, 
destruction on adhesion of CF grid was occurred under maximum load. Comparison between experiment 
and design value was 0.86. On the other hand, tensile stresses of steel reinforcements (180N/mm2) ratio 
were obtained 1.56 (type 1), 1.35 (type 2), and 1.15 (type 3) respectively. The tensile stresses of CFRP 
grid (400N/mm2) ratio between experiment and design values were obtained 0.77 and 0.86. 
3.2. Load – Deflection Relationship 
Load deflection relationship in Figure 5 shows flexural strengthened with FRP grid and PCM high strength 
can be significantly increased through flexural strengthening. Performance of CFRP grid strengthened to 
beams under four point bending test had revealed that for type 2 was failure because not enough adhesive 
strength on interfaces and also for type 3 was obtained slip between CFRP grid and PCM.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Comparison of experiment and design values 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Load deflection relationship 
3.3      Load – strain relationship 
 
Figure 6 shows load strain relationship. Figure 6(a) shows load compressive strain of concrete relationship. 
Based on experimental results, compressive strain of concrete equally 3,500µ was reached so that flexure 
compressive failure was occurred on concrete beams. Load tensile strain of steel bars relationship is 
shown in Figure 6(b). This graph shows that after crack load (Pcr) was exceeded, tensile stress of bars 
increase to yield condition. However, for all specimens type except on type 1, tensile strain of steel bars 
only up to around 1,600μ ~ 1,900μ and then undergo stagnant for tensile strain value while the load still 
applied to the specimens. In design, steel bars were yielded after 1,860μ. Types 2, maximum tensile stress 
on steel bars were obtained 1,866μ, whereas for Type 3 was obtained 1,682μ. On type 1 as a control 
beam, tensile bars were yielding and had revealed that specimen without retrofit materials were not 
enough strength to prevent flexural compression failure.  Figure 6(c) shows load-compressive strain of 
steel bars relationship. In design, the failure modes for the beams were as predicted. The control beam or 
type 1 failed in flexural compression. The flexural-strengthened beam failed in flexure at the mid-span, with 
yielding of the steel reinforcing followed by a compression failure at the top of the beam. Crack patterns 
obtained from experimental after applied load and the failure modes of the experimental beams agree well 
with predicted in design. Type 2, compression strain values of steel bars was 765μ whereas type 3 was 
obtained 886μ respectively. As shown in Figure 6(d), the ultimate strengths of beams on type 2 ~ type 3 
were 220.9kN and 203.3kN respectively, larger than flexural strengths. The tensile strain of CF grid of 
beams type 2 ~ type 3 were 5,297μ and 5,750μ, respectively. While in design, the maximum tensile strain 
of CF grid was 7,273μ so that clearly type 2 and type 3 of CFRP grid were not broken. It means that these 
types have not enough bond capacity to prevent relative slip between PCM and CFRP grid under loading 
process.  Figure 7 shows crack pattern and failure mode of beam under test. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       (a) Load compressive strength of concrete beam                       (b)  Load tensile strength of steel bars 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       (c) Load compressive strain of steel bars                                     (d) Load tensile strain of CFRP grid 
 
Figure 6. Load strain relationship 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Crack pattern and failure mode of beam under test. 
 
 
 
4. CONCLUSIONS 
Before cracking, all the strengthened specimens exhibited bending behavior similar to the unstrengthened 
specimen. This shows that the FRP reinforcement is unable to contribute to the increase of the stiffness 
and strength in the elastic domain. However, after cracking, the bending stiffness and strength of the 
strengthened specimens were seen to increase significantly until failure compared to the unstrengthened 
specimens. Result shows that CFRP grid and PCM shotcrete is effective for flexure strengthening. 
Increases in strength of 3 (three) times for strengthened beams over un-strengthened beams as control..    
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